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.VA A RECONNAISSANCE OF THE QUALITY OF WATER FROM IRRIGA?ION

WELLS ANDuSPRINGS IN THE SNAKE PLAIN AQUIFER,

SOUTHEASTERN IDAHO

By K. L. Dyer and H. W. Young

" ABSTRACT

This report. descrlbes the quality of the water in part
of the Snake Plain aquifer based on analyses of water samples
collected in 1970. Chloride, nitrate, and orthophosphate
concentrations, specxflc conductance, and temperature were
measured for samples collected from 194 irrigation wells and
29 springs yielding water from the Snake Plain aquifer. In
addition, -standard complete analyses were made of water
samples from 55 of the irrigation wells and 13 of the springs.
As an additional part of the complete analyses, 46 of the
irrigation wells were tested for the presence of fecal coli-
form bacteria. All samples analyzed were collected durlng
the period March to October 1970. Many wells and sprlngs were
sampled at least twice during this period. Although minor

‘fluctuations in some constituents were noted, no well-defined

seasonal trends were identified.

Wells along the eastern and southern margins of the Plaln
generally yield water having a specific conductance greater
than 300 micromhos per centimeter. fThe specific conductance
of water in five irrigated areas exceeded 1,000 micromhos per
centimeter. The data collected indicate that the specific
conductance is lower in the central part of the Plain where it
probably is less than 300 micromhos per cenlimeter.

Chlorlde concentrations in the samples collected. ranged
from 7 mg/l (milligrams per liter) to 325 mg/l, although in
the heavily irrigated areas most concentrations ranged from
10 mg/1 to 160 mg/l. Nitrate concentrations ranged from 2
mg/l to 32 mg/l and have an areal distribution very similar
to that of specific conductance and chloride. Concentrations
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of orthophosphate ranged from 0 to 0.23 mg/l, although gener-
~ally they were below 0.1 mg/l. Ground-water temperatures in
June and July ranged from 10.0° C (degrees Celsius) to 20.0° C
and averaged 12. 4° C. No fecal coliform’ were found in the
water from 46 1rr1gatlon wells tested -for these bacteria.

INTRODUCTIQN

The purpose of this report is to present the basic data
collected in 1970 on the quality of the ground water in the
Snake Plain aquifer. The bulk of the data presented in this
report was collected in conjunction with a ground-water-pumpage
inventory of the Snake Plain aquifer made by the U.S. Geological
Survey in cooparation with the Tdaho Department of Water Admin-
istration. Additional data were collected by the U.S. Geolog-
ical Survey in cooperatlon w1th the U.S. Bureau. of Reclamatlon.

The Snake Plaln aquifer underlies approx1mate1y 9, ,600
square mlles of the Snake River Plain in southeastern.Idaho
(fig. 1). The boundary of the aquifer, as defined by Norvitch,
Thomas, and Madison (1969,. p. 2) encompasses the area covered
‘by this report and is shown in figure 3. As‘shown,"this
boundary was arbitrarily drawn along the foot of the mountains
surrounding the Plain and across the mouths of the trlbutary
valleys. Generally, the boundary marks the contact of the
more permeable Snake Plain aquifer with the less permeable
materlals bounding the Plain.

Centers of population, agriCUltural development, and water.
use are mostly near the Snake River, which flows along the
eastern and southern marglns of the Snake River Plain. The
Snake River is the primary source of irrigation water for croplands
lying near the river. Ground water is used almost exclusively
on the more recently developed irrigated lands extending onto
the Plain away from the areas irrigated with surface water
(fig. 3). Although most of the ground water withdrawn from
the Snake Plain aquifer is used for irrigation, the aquifer
also serves as the chief regional source of water for municipal,
industrial, and rural-domestic supplies.

This report was prepared from information compiled as a
part of a cooperative program of investigation cof the Snake
Plain aquifer made by the U.S. Geological Survey in cooperation
with the Idaho Department of Water Administration and the U S.
Bureau of Reclamation.
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FIGURE 1.-- Index map showing area covered by
this report




Well-Numbering System

The well-numbering system used by the Geological Survey
in Idaho indicates the location of wells within the official
rectangular subdivision of the public lands, with reference
to the Boise base line and meridian. The first two segments
of the number designate the township and’ range. The third
segment gives the section number, folldwed by three letters
and a numeral, which indicate the quarter section, the 40-
acre tract, the 1l0-acre tract, and the serial Humber of the
well within the tract, respectively. Quarter sections are
lettered a, b, ¢, and 4 in counteérclockwise order from the

northeast quarter of each section (fig. 2). Within the gquarter

sections, 40-acre and 1l0-acre tracts are lettered in the same

. manner. Well 2S5-35E-2dabl is in the NWYNELSEY sac. 2, T. 2 8.,

R. 35 E. and is the first well visited in that tract.

Use of Metric Units

In this report, metric units are used to report concen-
trations of water-quality parameters determined by chemical
analyses and the temperature of air and water. This change
from reporting in. "English units" has been made as a part of
a gradual change to thé metric system that is underway within
the scientific ‘community and is intended to promote greater
uniformity -in reporting of data. Chemical data .for concentra-
tions are reported in milligrams per liter (mg/1) rather than
in parts pér million. (ppm), the units used in earlier reports
of the U.S. Geological Survey. However, numerical values for
the chemical concentrations ‘given in this report would be
“essentially the same- whether rYeported ‘in_terms of-mg/l or ppm.
Air and water temperatures are reported in degrees Celsius

(®* C). Table 1 will help to clarify the relation between
degrees Fahrenheit and degrees Celsius. - '

CHEMICAL QUALITY OF GROUND WATER FROM IRRIGATION

WELLS: AND SPRINGS:

A complete listing of all chemical data acquired for ﬁhis
report by the U.S. Geological Survey and cooperating agencies
in 1970 is given in table 2. Chloride, nitrate, and ortho-
phosphate concentrations, specific conductance and temperature
were measured for samples collected from 194 irrigation wells

»
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Table 1. Temperature-conversion table.

Conversion of degreés. CelsSius (® C) +to degrees Fahrenheit
- (° F) is based on the equation, °® F ='(1.8) (° C + 32).
Temperatures in ° F are rounded to'the nearest degree.
Underscored equivalent temperatures are exact equivalents.

0 - 32 10 - 50. - 20 -68

+1 34 11 52 21 70
2 36 12 54 22 72
3 37 13, 55 23 73

4 39 14 57 25 75
s 4 15 59 25 77

7 45 17 63 27 8l

"*'3‘5.83BIHHXIIHIE“WWIH




‘March and October. , :
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and 29 springs yielding water from the Snake Plain aquifer. -

In addition, standard complete analyses were made of water
samples from 55 of the irrigation wells and 13 of the springs.
Most of -the' wells aind springs were sampled at least twice between

As an aid to readers, some of the terms used in this report.
are defined as follows: - S : o

Dissolved solids is the weight, in milligrams, of consti-
tuents dissolved per liter of water; and was calculated as:
the sum of the weights per liter of the determined constituents
that would exist in an anhydrous residue. '

Milligrams per liter is a unit'expréssing the number of
milligrams of a constituent per liter of water.

pH is a measure of the degree of acidity or alkalinity. - %
A pIl of 7.0 indicates that the water is neutral. 'As the pH: . §
value decreases below 7.0, the acidity increases; and as the 3
pH value increases above 7.0, the alkalinity increases.

Sodium~adsorption-ratio (SAR) is an expression of the
relative activity of sodium ions in exchange reactions with

‘soil and is an index of sodium (or alkali) hazard to the soil
(U.S. Salinity Laboratory Staff, 1954, pp.. 72-75). '

' Specific conductance is a measure of the ability of water-

‘to ceonduct an electrical current and is expressed in micromhos

per centimeter at 25° C (degrees Celsius). Because the.
specific conductance is related to the concentration of
dissolved ions; it can be used for approximating the salinity
of the water. In the Snake Plain aquifer, the dissolved-solids
concentration in milligrams per liter is approximately equal to
0.6 x specific conductance in micromhos per centimeter.

_Specific Conductance

Figure 3 is. a map depicting the pattern of specific con-
ductance values measured in part of the Snake Plain. agquifer in
1970, Values measured ranged from 260 to 1,560 micromhos per
centimeter (table 2); however, most values were below 1,100
mi cromhos per centimeter. - '




Virtually all the irrigated areas sampled are underlain

- by waters.having a 'specific:conductance. greater than 300
micromhos per . centimeter and in five .of these. areas it '’
_excéededal,ooo-micromhosupet;gengimgtgrz-v}ThéfhighEStff'_ .
. speCifineondUCtance‘valueshmeasuredwwgré,in{wéter,sémples ~'1

from three wells northwest of Mud Lake. These high values™
~ probably result, at least in part, from salts cohcenhtrated '
~in ‘ancient bqried.alluvium,or_l@kébeds‘in»th;s 1oc§;ity.

: Chloridg

As shown in figure 4, .the distribution of chloride con-~._
centrations follows much the same overall pattern as does '
specific’conductance. .*Chloride concentrations ranged from
7 mg/l to 325 mg/l, although most conicentrations were ‘between
10 mg/1 and 160 mg/l in the irrigated areas. The high of 325
mg/l ‘in.a water sample from-a well northwest of Mud Lake .is
probably, like<spécific,conductance,‘cl0$elyhrelqted,tq the

geoloéical conditions of the area.

-Nitrate

The general di&tribution of;nitratew(fig.ﬂS)lin?thé aquifer.

is very similar to that of specific conductance and chloride.
Concentrations ranged from less than 2 mg/1 along the margins
of irrigated areas to 32 mg/l in an area west of Blackfoot. 1In
water samples from.wells northwest of Mud ‘Lake and north of

Burley, nitrate concentrations of 16 and 18vmg/;VW9re‘meashred;

Orthophosphate

Concentrations of orthophosphate ranged from 0.00 to 0.23
mg/l with the higher concentrations representing samples
collected from irrigation wells in Gooding, Lincoln, and Bingham
Counties. However, all these concentrations are so low that no
particular significance should be -attributed to the pattern .
of their distribution or to seasonal changes occurring in indi-
vidual wells. As shown' in table 2, most orthophosphate concen-

trations were either =zero.-or very near.-zero. The. phosphomolybdate

method used in the determination of orthophosphate is accurate
and reproducible to a lower limit of ¥¢.p2 mg/l. Very low con-
centrations of orthophosphate are normally to be expected in

ground water because of the tenacity with which phosphates may
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be held to aquifer materlals by elther exchange processes or
chemlcal reactions.

TEMPERATURE

Ground-water temperatures in the Snake Plain aquifer
generally increase from the northeast to the southwest which .
is the principal direction of ground—water ‘flow and. the
direction of increasing air temperatures at surface stations.
Water temperatures ranged from 10.0° C to 20.0° C. and averaged
12.4° .C. Mean annual air temperatures reported by the U. S.
'Weather Bureau (1964) ranged from 5.9° C at St. Anthony on the
upper end of the Plain to. 10.1° C at Bliss at the lower extrem-
ity. Ground-water temperatures average about 4.4° C warmer .
than air temperatures at surface stations.. The warmex tempera—
ture of ground water than mean surface air temperature can be
largely attributed to (1) heat flow from the interior of the
earth; (2) the warmer temperature of much of the recharge water, .
and (3) the frictional and mechanical heat gained when water
flows through an aguifer. The heat flow from the interior of
the earth probably accounts for the temperature near 20° C
observed near the margin of the study area east of Idaho Falls.

FECAL COLIFORM BACTERIA

!
. , : : f

Ground~water samples collected from 46 irrigation wells [
were tested for the presence of fecal coliform bacteria: (see . |
table 2). In all tests, the results were negative, indicating !
the absence of these bacteria in the ground water sampled.. |

CONCLUSIONSE

From the sampling program described in this report, the
following conclusions and observations can be made.

: 1. The water in that part of the Snake Plain aquifer sampled

in 1970 is generally of good chemical quality and is suitable

for most purposes. In one sample from well 8N-33E~15dcbl (north \
of Monteview), the measured chloride-ion concentration of 325 . *
mg/l exceeded the 250 mg/l upper limit recommended in the drinking i
water standards of the U.S. Public Health Service (1962).

According to the U.S. Salinity Laboratory Staff (1954), a spec1f1c I
conductance value in excess of 750 micromhos per centimeter !
indicates a water with a high salinity hazard and the water should ;

1000000000000 080000000000000000000000000000°
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be used only on soils having good permeability and drainage.
Water from 35 of the sampled wells and one spring (table 2)
had specific-conductance values exceeding 750 micromhos per
centimeter.. ' ‘

2. Levels of chloride, nitrate, and dissolved solids
greater than those generally found in the region occur in-five
distinct areas--northwest of Rupert, north of Lake Walcott,
nocrth of American Falls Reservoir, west of American Falls
Reservoir, and near Monteview northwest of Mud Lake. The
cause of the hlgher concentrations in these areas is not
known. - Each is an area of intensive- irrigation and may be
“underlain by a high proportion of sediments in contrast to .
the predomlnance of basalt occurring in surrounding parts:of
the Plain., Expansion of the sampling program into the surface-

water irrigated areas and into the nonirrigated areas underlain.-

by a larger proportion of basalt would provide data that might-
serve to show whether irrigation agriculture or subsurface
geclogy is exerting the dominant control on water quality. .

3. In evaluating the data presented in this report;, it:
should be realized that most of the wells sampled were located.
within that part of the Snake River Plain irrigated by ground . .
water. Few samples were collected from wells located in areas
irrigated primarily by surface water. The samples collected
probably do not, therefore, adequately reflect the effects of
the large quantity of water that is recharged to the aguifer

in surface-water irrigated areas by drain wells, unlined ditches, -

and irrigation water percolating below the root zone. It is

also possible that the quality of the water discharged by some

of the springs sampled either has not been affected by 1rrlgatlon
or that the effects are, as yet, too small to be recognlzed

4. - In several parts of the Snake Plaln aqu1fer, the
distribution of the various dissolved constituents is rather
complex in that concentrations of these constituents may wvary
quite abruptly both laterally and with depth (F. N. Olmsted,
written commun., 1962). It is for this reason that when a well
is pumped for a season, the concentrations of dissolved consti-
tuents present may vary as water is drawn in varying proportions
from different parts of the aquifer. 1In addition, wells near -
- the centers of large ground-water irrigated areas may become
slightly more saline toward the end of the irrigation season as
some of the applied water, concentrated by evapotranspiration,
seeps downward to the water table and is recycled. Although -
minor changes in concentrations of some -constituents were noted
~at many locations, no well-defined seasonal trend for the
sampled area as a whole could be established. ' A small part of
the observed fluctuations in levels of specific conductance,

PERPPE9990900000 0000000000090 ¢0¢
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chlorlde, nitrate, orthophosphate, and temperature may be
due to a certain amount of error inherent in the analytical
procedures used. This is especially true for the ortho-
phosphate values reported as most were at or near the lower
detectable limit for ‘the analytical procedure used,

5. Although no fecal coliform bacteria were found in
any of the samples collected, this should not be construed
as evidence proving that these bacteria do not exist anywhere
in the ground water underlying the Plain. This is true
because (1) in the ground-water irrigated area, sample cover-
age for this parameter is sparse and (2) only a very few
samples were collected in areas irrigated by surface water
and in areas where drain wells are.abundant, A much larger
number of samples should be collected to provide definitive:
information regarding the absence or presence of these bacteria.
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UNITED STZPES DEPARTMENT OF THE INTERIOR
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FIGURE 5.-- Nitrate distribution patterns in the Snake
Plain aquifer and areal distribution of
irigated lands and of ground-water sampling
sites, Snake River Plain, southeastern tdato.
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FIGURE 3--Specific conductance patterns in the Snake
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FIGURE 4--Chloride distribution patterns in the Snake
Plain aquifer and areal distribution of
irrigated lands and of ground-water sampling

sites, Snake River Plain, southeastern ldahc.
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